Purpose: To develop a clinical scoring system for children with presumed appendicitis who visit the emergency department.
Introduction
Acute appendicitis is traditionally predicted based on clinical features and laboratory results. Recent advances in imaging techniques have led to the use of ultrasound (US) and computed tomography (CT) prior to operation in many countries [1] [2] [3] . Increasing use of 급성충수염 의증 소아환자 대상 임상점수체계 개발 . However, some authors suggest that CT does not significantly reduce the rate of negative appendectomy among children 5) . Moreover, the use of CT in young children could increase potentially unnecessary radiation exposure and use of sedatives 6) . Various clinical pathways for predicting pediatric appendicitis have been proposed to reduce the need for unnecessary CT 7, 8) . Although the Alvarado score and Pediatric Appendicitis Score (PAS), which consisted of symptoms, signs, and inflammatory markers, were developed as diagnostic tools for acute appendicitis, the validity was not evaluated by well-designed studies [9] [10] [11] . However, no clinical scoring systems or clinical decision rules have been developed in the Korean pediatric emergency department (ED) environment. The purpose of this study was to develop a clinical scoring system for appendicitis in children presumed to have it who visit the ED.
Methods

Study design and setting
This study was a prospectively collected registrybased retrospective study to develop a clinical scoring system for pediatric appendicitis. It was conducted at a tertiary care, university-affiliated hospital pediatric ED in Seoul, Korea, having which has approximately 20,000 visits annually. Patients aged 4-17 years who visited the ED from September 2015 to December 2016 were considered eligible. Children presumed to have appendicitis were registered in the Pediatric Suspected Appendicitis Registry. Physicians evaluated the possibility of appendicitis with 5-point Likert scale before imaging tests. We excluded the patients who had a 0-1 point of the scale. The institutional review board approved this study (IRB no. 1806-165-953).
Data variables
All enrolled patients were divided into the appendicitis group and the non-appendicitis group based on the final diagnosis. All clinical features and inflammatory markers were routinely collected through the registry during the ED stay, and were compared between the 2 groups. The final diagnosis was based on pathology reports if available. If there was a follow-up medical report in non-operated patients, we contacted them via telephone within 1 month after the ED visit. The non-appendicitis group consisted of patients who had other diagnoses in the ED or at follow-up visits, those who did not return to the hospital as scheduled, and those who were not contactable.
We collected the following variables: age (years), sex, duration of symptoms (≤ 3 days), fever (≥ 38。 C in the ED or at home), anorexia, nausea, vomiting, absence of watery diarrhea, migration of pain to the right lower quadrant (RLQ), RLQ tenderness, rebound tenderness, muscle guarding, inflammatory markers (white blood cell [WBC] count, neutrophil ratio > 75%, and C-reactive protein [CRP]), imaging results (CT and US) as both continuous and categorical variables, and final diagnosis (as aforementioned).
3. Development of a clinical scoring system for pediatric appendicitis Akaike information criterion (AIC)-based logistic regression analysis was performed to develop a clinical scoring system for pediatric appendicitis using variables having P < 0.200. AIC was applied to compare the difference of models, and adopted as a criterion for evaluating prognostic performance of prediction models. When the AIC value is lower, the model goodness of fit is better 12, 13) . The model with the minimum AIC value was selected. We developed a clinical scoring system using the adjusted β coefficients from the final model, multiplying them by a patient' s own values for the corresponding variables, and then summing over the resulting set of products to arrive at a patient-specific final score. Thus, this final score represented the sum of a patient' s risk factors, with each factor weighted by its predictive ability in the multivariable model. The area under the receiver operating characteristic curves was calculated to evaluate the performance of the developed score, cutoff values were obtained according to Youden' s index (J = max [sensitivity + specificity -1]), and sensitivity, specificity, positive and negative predictive values, and likelihood ratios (LRs) were calculated. The performance of our scoring system was compared with those of the Alvarado score and the PAS using DeLong test 9, 10) .
Statistical analysis
Clinical features were examined using a chi-square test or Fisher exact test for categorical variables and Mann-Whitney U test for continuous variables, respectively. The sample size was estimated using the "event per variable"based on findings from empirical simulation with logistic regression 14) . Based on the 8 predictors of the previous tools 9, 10) , we estimated that 90 patients with appendicitis were needed to avoid the overfitting multivariable model considering a 10% dropout rate. The rate of appendicitis was reported to be 38% in this registry, and the sample size was 239. All statistical analyses were conducted using IBM SPSS Statistics version 20 (IBM Corp, Armonk, NY) and R version 3.4.3 (http://www.rproject.org). A P < 0.050 was considered statistically significant.
Results
Clinical features of the study population
Of the 239 patients enrolled in the registry, 233 were assigned 2-5 points in Likert scale. The median age was 10 (interquartile range, 7-13) years, and men comprised 53.6% of the patients. Ninety-three patients (39.4%) were designated as the appendicitis group. As first imaging modality, US and CT were performed in 78.1% (182 of the 233 patients) and 20.2% (47 of the 233 patients), respectively. No differences were found in the frequency of the imaging tests between the 2 groups (P = 0.346) (Fig. 1) . In the univariate analysis, the variables having P < 0.200 were sex, duration of symptoms within 3 days, anorexia, vomiting, absence of watery diarrhea, migration of
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Pediatr Emerg Med J 2018;5(2):54-61 Fig. 1 . Comparison of imaging tests between the appendicitis group and the non-appendicitis group. The rates of ultrasound (US) only, computed tomography (CT) only, and US and CT were 61.3% (57 of the 93 patients), 21.5% (20 of the 93 patients), and 17.2% (16 of the 93 patients), respectively, in the appendicitis group, and they were 59.3% (83 of the 140 patients), 17.9% (25 of the 140 patients), and 20.0% (28 of the 140 patients), respectively, in the non-appendicitis group. The differences between the 2 groups were insignificant (P = 0.346).
pain to the RLQ, rebound tenderness, muscle guarding, WBC > 10.0 × 10 9 /L, CRP > 1 mg/dL, neutrophil ratio > 75% (Table 1) . Among the patients with 1 point in Likert scale, no one had appendicitis.
Development of a clinical scoring system for pediatric appendicitis
Logistic regression analysis selected the final model (AIC = 171.7) with 5 variables including vomiting, absence of watery diarrhea, duration of symptoms ≤ 3 days, rebound tenderness, and WBC A clinical scoring system for appendicitis 
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Pediatr Emerg Med J 2018;5(2):54-61 Fig. 2 . Predicted probability of appendicitis according to each score of a clinical scoring system. When the score increased from 0 to 6, the predicted probabilities were 5.0%, 10.7%, 21.4%, 38.2%, 58.5%, 76.2%, and 87.9%, respectively. Of note, a patient with score of 4 points had an approximately 60% probability. The values are expressed as point estimates and 95% confidence intervals. * If the clinical score was ≥ 4 of 6 points, the area under the receiver operating characteristic curve was 0.78 (95% confidence interval, 0.71-0.86) with a 78.9% sensitivity, 66.7% specificity, positive and negative predictive values of 70.0% and 76.2%, respectively, and positive and negative LRs of 2.4 and 0.3, respectively. PPV: positive predictive value, NPV: negative predictive value, LR: likelihood ratio.
The probability of appendicitis according to each score of the clinical scoring system is shown in Fig.  2 . The cutoff value was 4 points, and sensitivity, specificity, positive predictive value, negative predictive value, positive LR, and negative LR were 78.9%, 66.7%, 70.0%, 76.2%, 2.4, and 0.3, respectively (Table 3 ). The performance of the clinical scoring system was better than those of the Alvarado score and the PAS (Fig. 3) . There were no patients with appendicitis at 0 point, 9 at 1 point, 4 at 2 points, and 21 at 3 points. The 9 patients who had the clinical score of 1 point were negative in all but the duration of symptom ≤ 3 days. Two of the 4 patients who had the clinical score of 2 were positive for the vomiting and duration of symptoms ≤ 3 days, 1 of them was positive for the duration of symptoms ≤ 3 days and rebound tenderness, 1 of them was positive for the absence of watery diarrhea and duration of symptoms ≤ 3 days.
Discussion
We developed a 5-item clinical scoring system that shows a fair performance in predicting pediatric appendicitis. Imaging tests for appendicitis could be recommended if the score is 4-6 points. Patients with the score of 0-3 points could undergo a followup physical examination or be discharged, rather than have an unnecessary CT scan performed. Clinician can use this tool easily since the number of variables is smaller than those of the Alvarado score and the PAS 9, 10) . In the present study, the significant variables consisted of 3 symptoms, 1 sign, and 1 inflammatory marker. The Alvarado score has 6 clinical variables and 2 laboratory measurements with the total of 10 points, and the PAS has the same variables with different scoring system 9, 10) . Among the variables used in these 2 scoring systems, anorexia, fever, RLQ tenderness, and migration of pain to the RLQ were not significant in this study 9, 10) . This difference might be due to the fact that the study patients were presumed to have appendicitis, and they make up only a portion of children with abdominal pain. Patients with the score of 4-6 points may have at least 40% possibility of acute appendicitis. The insignificance of the RLQ tenderness might be due to the similarly high frequencies in both groups (86.0% vs. 84.2%).
Contrary to the well-known clinical scoring system 9, 10) , this scoring system includes the absence of watery diarrhea. O' Shea et al. 15) . Interestingly, the absence of watery diarrhea was chosen as a variable in this study because watery diarrhea is a common symptom in enterocolitis, which should be distinguished.
There have been many reports on the duration of symptoms of acute appendicitis. Similar to our
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A clinical scoring system for appendicitis Pediatr Emerg Med J 2018;5(2):54-61 study, Bachur et al. 17) reported a 5% sensitivity, 89% specificity, positive LR of 0.31, and negative LR of 1.08, when the duration of symptoms exceeded 72 hours. A meta-analysis shows that the symptom duration of 12-24 hours was the best with pooled data of a 35% sensitivity (95% CI, 30-40) and 69% specificity (95% CI, 67-71) compared to the other symptom periods 18) . Of the inflammatory markers, WBC > 10.0 × 10 9 /L was assigned a higher score than other variables. Contrary to WBC and CRP, new inflammatory markers, such as calprotectin and proadrenomedullin, are unavailable in most institutions 19, 20) . Thus, a new clinical scoring system that includes WBC can be applied to settings with limited resources.
Vomiting is a common and nonspecific symptom in children presenting to the ED. It could be due to abdominal, infectious or neurologic diseases. As a symptom of appendicitis, vomiting was included in the Alvarado and the PAS 15, 16) . Our clinical scoring system also includes vomiting as a variable.
This study has several limitations. First, this current study was carried out in a single center with a relatively small sample size. Thus, it may be difficult to apply this scoring system in different settings. Second, the expertise level of doctors who enrolled the patients to the registry varied from junior residents to attending physicians. However, this variety may reflect the practice patterns at tertiary care hospital EDs. Third, it was difficult to contact all patients after discharge. Having appendicitis was less likely in the patients who was not diagnosed with it, and did not return to this hospital after discharge, since most patients who have problems after discharge are likely to return to the tertiary care hospital ED. Fourth, since the study was conducted retrospectively based on prospectively-collected registry data with missing values in some variables, it is necessary to validate the clinical scoring system.
We developed a simple clinical scoring system to predict appendicitis in children presumed to have it who visit the ED. This scoring system may help reduce unnecessary use of CT in the children at relatively low risk for appendicitis.
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